Survival of a specialist natural enemy experiencing resource competition with an omnivorous predator when sharing the invasive prey Tuta absoluta by Chailleux, Anaïs et al.
Ecology and Evolution. 2017;7:8329–8337.	 	 	 | 	8329www.ecolevol.org
 
Received:	18	January	2017  |  Revised:	8	June	2017  |  Accepted:	3	July	2017
DOI: 10.1002/ece3.3396
O R I G I N A L  R E S E A R C H
Survival of a specialist natural enemy experiencing resource 
competition with an omnivorous predator when sharing the 
invasive prey Tuta absoluta





































exhibit	complementary	 functional	 traits,	 leading	 to	 the	best	control	when	 together.	
Mechanisms	that	may	have	promoted	the	coexistence	of	the	two	species	as	well	as	
consequences	 with	 regard	 to	 the	 inoculative	 biological	 control	 program	 are	
discussed.








understand	 ecosystem	 functioning	 (Chase	 &	 Leibold,	 2003;	 Finke	 
&	 Snyder,	 2008).	 It	 has	 been	 established	 that	 relatively	 strong	 
intraspecific	competition	combined	with	relatively	weak	interspecific	
competition	can	foster	species	coexistence	and	promote	biodiversity	
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1988),	 (ii)	 diet	 breadth	 (Bonsall	&	Wright,	 2012;	 Itino,	 1992;	Miller,	
1967;	 Peers,	 Thornton,	 &	 Murray,	 2012),	 (iii)	 resource	 segregation	
(Bonsall,	Hassell,	&	Asefa,	2002;	MacArthur,	1972),	and	(iv)	trade-	offs	
in	life	history	traits	(Bonsall	et	al.,	2002).
Stable	associations	between	species	 sharing	 the	same	 resources	
and	 having	 different	 diet	 breadths	 are	 common	 in	 nature	 (Coll	 &	












&	Gillespie,	 1999;	Mc	Cann	&	Hastings	 1997).	This	 last	 hypothesis	
hints	that	switching	from	one	trophic	level	feeding	to	another	trophic	
level	feeding	decreases	the	impact	on	food	species	when	it	is	at	low	
densities.	Another	 factor	 that	 may	 stabilize	 ecosystems	 is	 the	 rela-
tively	usual	poor	searching	efficiency	of	omnvorous	species	(Eubanks	
&	Styrsky,	2005;	Lalonde	et	al.,	 1999;	Peers	et	al.,	 2012).	 It	 is	 likely	
that	omnivory,	 by	decreasing	predator	pressure	on	 the	 shared	prey,	
may	also	limit	the	strength	of	the	competition	between	the	omnivo-
rous	predator	and	other	natural	enemies	within	the	same	guild.	There	















spiders	 are	 known	 to	 feed	 on	 pollen	 and	 to	 attack	 other	 predators	














tiple	 natural	 enemies	with	 the	 same	 diet	 breadth,	 for	 example,	 be-
tween	 specialists	 or	 between	 omnivores	 (Batchelor,	 Hardy,	 Barrera,	
&	Pérez-	Lachaud,	2005;	Moreno-	Ripoll,	Agusti,	Berruezo,	&	Gabarra,	





natural	 enemy	 species—a	 specialist	 parasitoid	 and	 an	 omnivorous	
predator.	 Both	 of	 them	 attack	 Tuta absoluta	 Meyrick	 (Lepidoptera:	
Gelechiidae),	 a	major	 tomato	 invasive	pest	 (Biondi,	Guedes,	Wan,	&	
Desneux,	 2018;	 Campos,	Adiga,	 Guedes,	 Biondi,	 &	Desneux,	 2017;	
Desneux,	Luna,	Guillemaud,	&	Urbaneja,	2011;	Desneux	et	al.,	2010;	
Sylla	 et	al.,	 2017).	 The	 omnivorous	 species	 was	 the	 predatory	 bug	
Macrolophus pygmaeus	Rambur	(Hemiptera:	Miridae).	It	is	mainly	used	
to	control	whiteflies	and	is	able	to	feed	on	plant	food	sources	such	as	
sap	or	 pollen	 (Bompard,	Jaworski,	Bearez,	&	Desneux,	 2013;	Calvo,	
Blockmans,	Stansly,	&	Urbaneja,	2009;	Jaworski,	Chailleux,	Bearez,	&	
Desneux,	2015).	This	predator	was	 recently	used	 in	T. absoluta con-
trol	programs	and	preferentially	attacks	eggs	and	rarely	young	 larval	
instars	of	 the	pest	 (Urbaneja,	Monton,	&	Molla,	2009).	At	 the	 same	
time,	several	ecto-	or	endoparasitoids	(mainly	Eulophidae,	Braconidae,	
and	 Ichneumonidae)	 have	 also	 been	 reported	 to	 attack	 T. absoluta 
in	 the	 Mediterranean	 Basin	 (see	 e.g.,	 Zappalà	 et	al.,	 2013).	 Among	
them,	 the	 idiobiont	 ectoparasitoid	 Stenomesius japonicus	 Ashamed	
(Hymenoptera:	Eulophidae),	which	naturally	occurs	 in	newly	invaded	












enemy),	both	 feeding	on	 the	same	prey,	and	 (ii)	 to	 identify	 resource	
utilization	 patterns	 that	 could	 promote	 the	 coexistence	 of	 the	 two	
natural	enemies.




experiments,	 respectively.	 They	 were	 grown	 in	 climatic	 chambers	




prey,	that	 is,	 the	 leafminer	T. absoluta,	was	set	up	using	glasshouse-	
collected	 individuals	 in	 July	 2009	 at	 INRA,	 Alenya,	 France	 (initial	
number	 of	 individuals	=	190).	 The	 colony	was	 kept	 in	 plastic	 cages	
(55	×	75	×	80	cm	 width:height:depth),	 containing	 tomato	 plants	 for	
leaf-	mining	larvae	feeding,	and	honey	was	provided	for	 imago	feed-
ing. The Stenomesius japonicus	 colony	was	 reared	 in	 cages	 (same	as	
for	T. absoluta	rearing)	with	a	constant	supply	of	tomato	infested	with	
T. absoluta	 larvae,	 and	 honey	 droplets	were	 provided	 on	 the	 plants	
as	food	for	imagoes.	The	laboratory	rearing	was	initiated	using	a	mix	
of	individuals	from	Spain	and	France	(n = 11,	n	=	7,	respectively)	col-
lected	 on	 commercial	 tomato	 crops.	 The	 predator	 species,	 M. pyg-
maeus,	originally	came	from	the	Biotop	commercial	insectary	(France).	


















pared:	 (i)	 T. absoluta + S. japonicus,	 (ii)	 T. absoluta + M. pygmaeus, and 






The	 two	 natural	 enemy	 individuals	were	 released	 at	 a	 ratio	 of	 two	








Each	 species	was	 released	 twice	 (i.e.,	 half-	quantities	 each	 time)	
(Figure	1):	 a	 first	 release	 and	 then	 a	 second	 one	 after	 a	 time	 inter-
val	 corresponding	 to	 the	 half	 of	 their	 respective	 life-	cycle	 dura-






eventually	 feeding	of	predators	early	 in	 the	crop	 season	before	any	
pest	infestation)	are	recommended	by	the	company	selling	the	pred-
ator.	Stenomesius japonicus	 imagos	 (mixed	 ages)	were	 released	 once	
larvae	 of	 T. absoluta	 had	 reached	 the	 ideal	 stage	 (3rd	 instar	 larvae)	
for	parasitoid	offspring	production	 (Chailleux,	Desneux	et	al.,	2014).	





In	 each	 cage,	 two	plants	were	 selected	every	week	 for	monitoring.	
Plants	were	monitored	weekly	 for	 8	weeks	 after	 the	 last	 insect	 re-
leases,	 so	 each	plant	was	monitored	 twice.	M. pygmaeus	 adults	 and	
nymphs	were	counted	on	the	entire	selected	plants.	T. absoluta	eggs	
and	 larvae	were	monitored	on	 six	 leaves,	 two	 leaves	were	 selected	
at	random	from	the	upper,	middle,	and	bottom	third	of	each	selected	
plant.	T. absoluta	larvae	were	observed	by	shining	a	torch	lamp	under	
each	 leaf,	and	eggs	were	observed	with	a	hand	 lens.	All	S. japonicus 
adults	observed	in	the	cages	(on	all	the	plants	and	on	the	cage	walls)	













2.3 | Within- plant resource partitioning experiment
The	 impact	 of	 resource	 partitioning	 along	 the	 main	 vertical	 shoot	
axis	of	the	tomato	plant	on	the	strength	of	resource	competition	was	
tested	under	 laboratory	conditions.	Forty-	five	potted	 tomato	plants	
were	 covered	 with	 a	 plastic	 cylinder	 (15	×	30	cm	 diameter:height)	
closed	 on	 the	 top	with	 a	mesh.	 Seventeen	T. absoluta	 eggs	 and	 10	
larvae	were	 deposited	 on	 each	 plant	with	 a	 paint	 brush.	 The	 three	




eggs	on	 the	bottom	third	and	 larvae	on	upper	 third);	and	 (iii)	mixed	
eggs	and	larvae	all	over	the	plant.	The	T. absoluta	eggs	used	were	0-	
to-	12	hr	old,	and	the	larvae	were	late	second	and	early	third	instars.	
Five	S. japonicus and one M. pygmaeus	females	were	then	introduced	
in	the	cylinder	1	hr	after	the	T. absoluta	larvae	to	allow	the	larvae	to	
dig	mines.	Three	days	later,	natural	enemies	were	removed,	and	mines	









numbers	of	T. absoluta,	M. pygmaeus, and S. japonicus	imagos.	A	bino-
mial	distribution	was	used	for	the	parasitism	rate	using	the	nontrans-
formed	 numbers	 of	 parasitized	 and	 nonparasitized	 larvae	 recorded.	











































without	predators	 (Figure	2).	However,	 there	was	no	effect	of	T. ab-
soluta	 release	 density	 on	 the	 parasitoid	 population	 levels	 (χ²	=	0.36,	
df	=	1,	p =	.548).
A	significant	effect	of	the	predator	presence	on	the	parasitism	rate	






Predator	 numbers	 were	 significantly	 affected	 by	 the	 presence	
of	 the	 larval	 parasitoid	 (χ²	=	4.33,	 df	=	1,	 p =	.037)	 and	 by	 the	 date	
(χ²	=	53.92,	 df	=	7,	 p	<	.001)	 (Figure	2);	 the	 mirid	 population	 was	
higher	at	the	end	of	the	experiment	and	in	the	absence	of	the	parasit-





the	 date	 (χ²	=	494.92,	 df	=	7,	 p	<	.001;	 χ²	=	94.31,	 df	=	7,	 p	<	.001,	
for	eggs	and	larvae,	respectively).	The	T. absoluta	release	density	had	
no	effect	on	 the	egg	number	 (χ²	=	0.24.,	df	=	1,	p	=	.621)	 and	had	a	
marginally	 significant	 effect	 on	 the	 larva	 number	 (χ²	=	2.92,	 df	=	1,	
p =	.088).	Overall,	fewer	T. absoluta	eggs	and	larvae	were	recorded	in	
the	treatment	in	which	both	natural	enemies	were	released	(Figure	3).
3.2 | Within- plant resource partitioning experiment
Although	 the	number	of	 larvae	parasitized	by	S. japonicas	was	mar-
ginally	significantly	affected	by	the	resource	distribution	(F2,42	=	2.82,	
p	=	.071),	the	highest	 level	of	parasitism	was	obtained	for	the	treat-










natural	 enemy	 species,	 despite	 the	asymmetry	 in	 their	diet	breadth	
and	 the	 occurrence	 of	 kleptoparasitism	 (Chailleux,	Wajnberg	 et	al.,	
2014):	 S. japonicus and M. pygmaeus	 became	 successfully	 estab-
lished	in	all	treatments	in	which	they	were	released	and	were	present	
throughout	 the	 duration	 of	 the	 experiment.	 Nevertheless,	 for	 both	








from	an	ecological	 point	 of	view	as	 the	predator	 is	 able	 to	 feed	on	
the	plant.	This	also	mimics	preventive	releases	of	omnivorous	preda-
tors,	as	usually	done	by	tomato	producers	(Calvo,	Lorente,	Stansly,	&	
Belda,	 2012).	Moreover,	M. pygmaeus,	 as	 other	 heteropteran	 preda-
tors	(Salehi,	Fatemeh,	Arash,	&	Zandi,	2016),	has	a	functional	response	
when	fed	with	T. absoluta	eggs	or	larvae,	that	is,	attacking	more	prey	







The	successful	coexistence	of	 the	 two	competitors	during	 the	ex-
periment	 suggests	 that	 some	 mechanisms	 probably	 decreased	 the	
strength	 of	 the	 competition	 (either	 exploitative	 competition	 of	 the	
F IGURE  3 Mean	(±SE)	number	of	the	leafminer	T. absoluta	eggs	
(top)	and	larvae	(bottom)	per	leaf	over	8	weeks	in	the	presence	(i)	
of	the	larval	parasitoid	Stenomesius japonicus,	(ii)	of	the	predator	
Macrolophus pygmaeus,	and	(ii)	of	S. japonicus + M. pygmaeus.	This	
graph	represents	pooled	data	for	both	T. absoluta-	tested	densities	for	
each	treatment
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shared	resources	or	kleptoparasitism),	 thus	avoiding	the	parasitoid	ex-
clusion	we	expected	 (Pimm	&	Lawton,	1978;	Krivan	and	Diehl	2005).	
Lalonde	 et	al.	 (1999)	 suggested	 that	 poor	 prey	 foraging	 efficiency	 for	
an	 omnivorous	 predator	 reduces	 its	 impact	 on	 herbivore	 populations.	
Indeed,	 it	 is	known	that	M. pygmaeus	exhibits	a	 low	level	of	predation	
and	spends	a	short	time	foraging	for	prey,	mainly	because	the	females	
spend	most	of	their	time	on	the	stem	in	search	of	suitable	oviposition	
sites	 (Montserrat,	 Albajes,	 &	 Castañé,	 2004).	 However,	 prey	 is	 usu-



















not	 indicate	 that	 resource	 segregation	 along	 the	main	vertical	 plant	






















a	 specialist,	 S. japonicus	 exerted	 less	 efficient	 control	 of	T. absoluta 
growth	 just	 after	 release,	with	 stronger	 suppression	noted	 thereaf-
ter.	 In	 contrast,	 the	omnivorous	predator	 caused	an	 immediate	de-
crease	in	the	pest	population	growth	rate	but	provided	poor	control	
later	on.	The	short	life	cycle	and	specificity	of	parasitoids	can	allow	
them	 to	mount	 a	 strong	 numerical	 response	when	 prey	 outbreaks	
occur,	 perhaps	 leading	 to	 outbreak	 suppression	 (Berryman,	 1992;	
Hassell,	1980;	Hassell	&	May,	1986;	Murdoch,	1994;	Turchin,	Taylor,	
&	Reeve,	1999).	On	the	contrary,	omnivorous	predators	have	a	longer	
generation	 time	 than	herbivores.	Hence,	 even	 if	 there	 is	 a	 numeri-
cal	response	to	changes	in	the	density	of	a	single	herbivore	species	
(e.g.,	 Symondson,	 Sunderland,	 &	 Greenstone,	 2002),	 the	 response	
is	unlikely	to	occur	quickly	enough	to	 lead	to	outbreak	suppression	
















and	 the	 omnivorous	 predator	 were	 present,	 T. absoluta	 dynamics	













actions	between	 the	 two	natural	enemy	species	did	not	cancel	 the	






tive	 releases	of	 an	omnivorous	 and	 a	 specialist	 natural	 enemy	 that	
appeared	to	have	complementary	functional	traits.	We	also	obtained	




orous	 one	when	 various	 parameters	 regulating	 population	 dynamics	
occur	 simultaneously,	but	 in	 the	absence	of	metacommunity	mecha-
nisms	(i.e.,	emigration	and	recolonization).	We	showed	that	a	specialist	
(here	a	parasitoid),	affected	by	both	exploitative	competition	and	klep-
toparasitism,	was	 able	 to	 survive	 in	 the	presence	of	 the	omnivorous	
predator,	and	was	able	to	reduce	the	population	density	of	this	latter	
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